Monoclonal antibodies against the lipooligosaccharide of Haemophilus ducreyiwere produced. Two of them, MAHD6 and MAHD7, were found to be relatively, although not absolutely, specific and reacted with nearly all strains of Haemophilus ducreyitested: 59 of 60 and 60 of 60, respectively. The diagnostic usefulness of MAHD7 was assessed. Clinical specimens collected in Zambia from patients with genital ulcers were tested using indirect immunofluorescence (IF), enzyme immunoassay (EIA), the polymerase chain reaction (PCR) and bacterial culture. Compared with culture, IF had a sensitivity of 100 %; compared with PCR, sensitivity was 89 %. The corresponding figures for the EIA were 83 % and 74 %, respectively. The sensitivity of culture compared with PCR was 63 %. The results suggest that IF on genital smears using MAHD7 might be an excellent tool for the diagnosis of chancroid in high-prevalence populations. However, further evaluation of the specificity of this test is needed.
The aim of the present study was to produce MABs raised against a more constant feature of the Haemophilus ducreyi bacterial surface, namely lipooligosaccharide. Presumably, this could improve the possibilities of obtaining MABs that are not only specific to Haemophilus ducreyi but also recognize all strains of the bacterium. We report here the production of highly specific MABs against the lipooligosaccharide of Haemophilus ducreyi and the investigation into their potential use in the diagnosis of chancroid.
Materials and Methods
Patients. Fifty-six male (18-43 years) and 29 female (16- 46 years) patients with genital ulcer disease and 26 male and 17 female matched controls with genital discharge attending the STD clinic at the University Teaching Hospital in Lusaka, Zambia, were included in the study. Informed consent was obtained from all patients. All samples were collected prior to antibiotic treatment.
Clinical Specimens. In the first series, 40 smears from patients with genital ulcer disease were collected and tested by indirect immunofluorescence (IF). A second specimen collection included samples from 45 patients with genital ulcers and 43 patients complaining of urethral discharge. Three swabs were taken from either the genital ulcer (patients) or the urethra (controls). The first sample was used for culture and the second for smears in the IF test, and the third plus the remains of the one used for smears were used for the enzyme immunoassay (EIA) and polymerase chain reaction (PCR) tests. Swabs for culture were inoculated directly onto agar plates. The material for EIA and PCR was stored at -20~ until analyzed.
Bacterial Strains and Lipooligosaccharide Preparation.
Most of the bacteria and lipooligosaccharide preparations used in this study were selected from departmental collections at Huddinge Hospital, Huddinge, Sweden, and from the Haemophilus ducreyi strain collection of the Institute of Tropical Medicine, Antwerp, Belgium, including strains from Africa, Asia, USA and Europe.
Aeromonas hydrophila lipooligosaccharide was kindly provided by Dr. Derek H. Shaw, Northwest Atlantic Fisheries Centre, St. John's, Newfoundland, Canada. Clinical specimens and Haemophilus ducreyi laboratory strains were cultured as described previously (13) in large petri dishes on a medium containing Columbia agar base (BBL Microbiology Systems, USA), 5 % fetal calf serum (Gibco, Bio Cult, UK), 15 % sheep blood, 3 mg/1 vancomycin (Sigma, USA) and 1.5 % Isovitalex (BBL). The plates were placed in an anaerobic gas-pack jar (BBL) and incubated at 34~ for 48 h. For lipooligosaccharide preparation, bacterial colonies were harvested, suspended in Luria broth and frozen at -70~ The lipooligosaccharide of freeze-dried bacteria was extracted using hot phenol-water extraction (14) . The immunizing antigen was prepared according to Luk et al. (15) and resuspended in phosphate-buffered saline (PBS) pH 7.5 at a concentration of 10 mg/ml.
Production of Hybridomas. BALB/c mice (6 to 8 weeks old) were immunized by intraperitoneal injection of 0.25 ml of a suspension consisting of an equal volume of antigen (lipooligosaccharide-coated bacteria) and Freund's complete adjuvant. Three weeks later the mice were injected with a booster dose of antigen and Freund's incomplete adjuvant. A final booster dose was given three days before fusion. Cell fusion and hybridoma production were performed by standard procedures (16) using spleen cells and mouse plasmocytoma cell line Sp2/0. Supernatants were tested against homologous lipooligosaccharide using an EIA technique (17) . The hybridomas giving positive reactions (reading at A 405 nm> 1.0) were cloned two or three times by limiting dilution.
Characterization of Monoclonal Antibodies. Double radial immunodiffusion was used to determine class and subclass with the MAB typing kit MMT O2K (Serotec, UK). For determination of MAB specificity, EIA plates were coated with either 10 ~g/ml lipooligosaccharide diluted in 0.05 M carbonate buffer (pH 9.6) (Merck, Germany) or a suspension of whole-cell bacteria with an OD at 595 nm of 0.1-0.3. Plates were stored at 4~ overnight. For clinical specimens each well was coated with 100 ~tl of swab material resuspended in i ml of PBS. The coated plates were blocked by incubation with 1% gelatine (Merck) in PBS for 2 h at room temperature. The plates were then washed three times with washing buffer (0.15 M NaC1, 0.05 % Tween 20, Merck). Serum-free culture supernatant diluted 1:10 in PBS was added to the plates and incubation continued at 37~ for 90 min. After washing three times, the plates were incubated overnight with alkaline phosphatase conjugated rabbit anti-mouse immunoglobulin (Dakopatts, Denmark) diluted 1:2,000 in PBS with 0.05 % Tween 20 at room temperature. The plates were washed three times and 100 ~tl of substrate solution [1 mg/ml disodium p-nitrophenylphosphate (Sigma, USA) in 1 M diethanolamine, 0.5 mM MgC12 buffer, pH 9.8] was added to each well. The reaction was measured as A 405 nm within 60 min by using Titertek Multiskan photometer (Flow Laboratories, UK).
Indirect Immunofluorescence Assay. Swab specimens for IF were smeared on glass slides, which were air dried, flame fixed and stored at -20~ until analyzed. Staining was performed at room temperature by covering the slides with an MAB suspension diluted 1:10 in PBS and incubating in a moist chamber for 30 min. The slides were washed by immersion in PBS for 10 rain in a coplin jar. After air drying they were placed in a moist chamber and stained for 30 min with goat anti-mouse polyvalent immunoglobulin FITC conjugate (Sigma) diluted 1:40 in PBS. The slides were washed again, rinsed with distilled water and air dried. They were examined and photographed under oil immersion at x 100 magnification using an epi-fluorescence microscope (Nikon, Japan) and FITC filter blocks. Haemophilus ducreyi strain ITM 2665 grown on agar plates was used as a positive control. Haemophilus influenzae strain RM.7004 served as a negative control.
Polymerase Chain Reaction. The PCR was employed as a confirmatory test on Haemophilus ducreyi culture isolates and also for testing clinical specimens. The primers used were the Haemophilus ducreyi 16S rRNA-specific sequence 5'-CCCTTTGCAGGTTTGCCGCCCTC-3' together with the nonspecifie sequence 5'-GTGCCTGC AGCCG-CGGTAAT-3', corresponding to positions 515-534 of the highly conserved U3 region of Escherichia coli 16S rRNA (except for one mismatch). This combination of primers gave a specific reaction with all 81 confirmed isolates of Haemophilus ducreyi that were tested (unpublished data). The primers were synthesized by Innovagen, Sweden. The PCR was performed with a 50 ~tl reaction mixture containing 50 mM KC1, 10 mM Tris-HC1 (pH 8.3 at 20~ 1.5 mM MgCI2, each primer at 1.0 ~tM and each of the deoxyribonucleotides at 0.2 mM, and 0.025 U of Taq DNA polymerase (Boehringer Mannheim, Germany) per microliter. The reaction mixture was overlaid with two drops of mineral oil and processed in a programmable DNA thermal cycler (Perkin-Elmer Cetus, USA). The 10 rtl samples consisted of an aliquot of a boiled suspension of one bacterial colony in 1 ml of Milli Q water or, alternatively, when testing clinical swab samples, 10 ~tl of extracted DNA was used. The extraction procedure was as follows. The swab sample was resuspended in 1 ml of PBS. Two hundred ~tl was mixed with 200 ~1 0.32 M sucrose, 10 mM Tris-HC1 (pH 7.5), 5 mM MgC12 and 1% Triton X-100. After a short centrifugation at 14,000 rpm, the pellet was resuspended in 50 ~tl of TE buffer (10 mM Tris-HC1, 1 mM EDTA, pH 8.0) with 0.45 % nonidet P-40, 0.45 % Tween-20 and 120 ~tg/ml proteinase K. This was incubated for 1 h at 56~ followed by 10 min at 95~ Ten ~tl of this solution was used for PCR. The PCR program was as follows: initial heat denaturation for 1 min, 30 cycles of denaturation at 94~ for 1 min, primer annealing for 1 min at 50~ and primer extension for 2 min at 72~ After completion of the final cycle the samples were maintained at 72~ for a further 5 min to complete the synthesis. The 758 bp PCR product was visualized by 1.0 % agarose gel electrophoresis and staining with ethidium bromide.
Results

Lipooligosaccharide Reactive Hybridomas and Binding Specificity of the Monoclonal Antibodies.
Initial screening for hybridomas producing MAB against Haemophilus ducreyi strains from which lipooligosaccharide had been structurally characterized (13) 
Identification of Haemophilus ducreyi in Clinical
Specimens. The diagnostic usefulness of MAHD7 was explored by using IE Forty smears of the first collection from patients with genital ulcers and 43 smears from patients with genital discharge (second collection) were examined. Forty percent (16/40) of the genital ulcer smears and 5 % (2/43) of the smears from patients with genital discharge gave positive IF staining reactions with MAHD7. Most bacteria were found intracellularly in relatively few cells. However, single bacteria or clumps of coccobacilli which were morphologically similar to Haemophilus ducreyi were also observed ( Figure 1) . compared with EIA, PCR and bacterial culture in 43 clinical specimens from genital ulcer patients (second collection) in order to evaluate its sensitivity and specificity (Table 3) . Twenty-six of the patients were clinically diagnosed as having chancroid, but correlation of these diagnoses with laboratory results was poor. Thus, ten of these patients were confirmed by culture to be infected with Haemophilus ducreyi, three were negative by culture but positive in IF and PCR and the remaining 13 "chancroid" patients were negative in all three laboratory tests. further samples for which culture was not performed was also positive in both IF and PCR. None of the 43 urethral discharge patients used as controls was positive for Haemophilus ducreyi in culture, but 3 of them were positive in PCR; 2 of these were also positive in the IF test. As seen from Table 3 , the specificity of the IF test was 74 % when compared with culture and 81% when compared with PCR.
Evaluation of the Sensitivity and the Specificity of Indirect Immunofluorescence. The IF test was
Evaluation of the Enzyme Immunoassay Technique on Clinical Specimens.
The sensitivity of the EIA was 74 % when compared with PCR. Hence, it had a lower sensitivity than IE The EIA technique produced an unacceptably high background when performed on the urethal discharge specimens. The reason for this cannot be explained at present. This phenomenon was not observed when testing the genital ulcer specimens (Table 3) . Considering the laboratory diagnosis only, 11 of the 12 Haemophilus ducreyi isolates were positive in the first run of the confirmatory PCR test (Figure 2) . The PCR-negative isolate was found to be a mixed culture, and when an appropriate colony was retested in PCR, it turned out to be positive. As seen from Cross-reaction was noted, however, with lipopolysaccharide from two of three strains of Aeromonas hydrophila. This bacterium was tested because it has a lipopolysaccharide structure with inner-core elements in common with Haemophilus ducreyi (13, 19) . It is sometimes isolated from human faeces and in association with soft tissue infections. Although it seems unlikely that this type of infection would have had any impact on the present material, further evaluation of the specificity of these MABs is needed. The poor correlation observed here between the clinical diagnosis of chancroid and the confirmed presence of Haemophilus ducreyi in genital ulcers stresses the importance of laboratory diagnosis. The apparent high affinity and specificity of MAHD7 should make it a good candidate for use in diagnostic tests in high-prevalence populations. Whether this is true also in populations with a low prevalence of chancroid remains to be shown. In our hands, the IF test using this MAB gave results that were superior to the results of bacterial culture, although the specificity of the test was below 100 % and needs to be further investigated. For this purpose we plan to extend these studies substantially by collecting more samples, including the appropriate controls from patients with known ulcer etiology, e.g. syphilis and herpes. Nevertheless, the results are promising. However, in developing countries a fluorescence microscope is not always available. In the future we will try enzyme-linked conjugates and light microscopy instead of the FITC-linked conjugate and fluorescence microscopy. We also intend to try to standardize the EIA and to determine the specific epitopes of the monoclonal antibodies presented in this report. The availability of a simple test for the rapid detection of Haemophilus ducreyi in clinical material would be of great value.
Discussion
